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SONIC ENVIRONMENT TESTS OF AN
INSULATOR/ABLATOR MATERIAL

by L. Robert Jackson, Allan H. Taylor, and Carl E. Rucker
SUMMARY

A 50.8 cin (20 inch) square panel of prepyrolizeu insulator/ablator was
subjected to six 30-minute tests at 160 and 158 dB in the Langley Thermo-
Acoustic Fatigue Apparatus (TAFA). This environment simulates the aero-
dynamic and engine noise encountered by a research airplane while in captive
flight on the B-52 pylon during takeoff and climb.

The pyrolized layer sustained damage in the form of three chips and
numerous cracks. The chips occurred during the first tegt. Some cracking
resulted during aerodynamic heating tests, and additional cracking resulted

from the sonic environment tests.
INTRODUCTION

A candidate thermal protection system (TPS) for the National Hypersonic
Flight Research Facility (NHFRF) is an elastomeric insulator/ablator material
(ref. +) in two forms, striated and honeycomb reinforced. When hzated above
755°K (900°F) the material pyrolizes forming a brittle, charred surface. The
pyrolysis process also shrinks the material approximately 10 percent.

Previous research aircraft programs have experienced failures due to
the high intensity sonic environment encountered during B-52 captive flight,
reterence 2. For this reason the material requires exposure to this environ-

ment to verify it reuse capability.
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The Langley Research Center 8-Foot High Temperature Structures Tunnel
(8'HTST) and the Thermo Acoustic Fatigue Apparatus (TAFA) were used to

simulate the environment for these tests.

TEST SPECIMEN AND AEROTHERMAL PREPARATION

A stiffened aluminum panel 50.8 cm (20 inch) square was covered with
insulator/ablator material. Four 25.4 cm (10 inch) squares, 1.5 cm (0.6 inch)
thick, were honded to the aluminum panel — two squares of striated and two
of honeycomb-reinforced material. The panel was subjected to nine 40-second
Mach 6 aerothermal tests in the 8'HTST. The 8'HTST tests charred and eroded

the surface as shown in figure 1.
SPECIMEN MOUNTING FOR ACOUSTIC TESTING

The test specimen is supported by a 1.91 cm (0.75 inch) thick steel
mounting plate that is about 1.70 m (67 inch) square and shown in figure 2.
A 50.8 cm (20 inch) square hole in the center of the plate enables exposure
of the test specimen to the sonic environment. Two angle members span the hole
and attach to the aluminum plate stiffeners. When the mounting plate is
installed in the noise facility, the plate serves as the local wall. Figure 3
shows the mounting plate, test specimen, and positions of the four surrounding

microphones for monitoring the test parameters as installed in the TAFA.
TAFA FACILITY

Air modulators generate the noise which propagates through the horn
and test section, shown in figure 4, and then through a muffler to the outside.

Noise facility parameters and available equipment are given in Table 1 along
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with those used for the tests reported herein. Data acquisition is under
computer control. An analog system controls the acoustic loading. Further

facility details are given in references 3, 4, and 5.
ACOUSTIC TESTS

Six 30-minute sonic fatigue tests were made at room temperature.
Table 2 lists the tests and noise conditions. Random noise was generated
over the audio frequency spectrum. A mean frequency of about 800 Hz
(Input Band Pass) was used for the first five tests (fig. 5). The mean
frequency was increased to about 1600 Hz for the last test (fig. 6), because
brittle materials are more sensitive to high frequency, such as the whine
of turbojets.

As indicated in Table 2, the initial five minutes of each test was run
at a level of 160 dB which is an r.m.s. fluctuating pressure of about
+2000 N/m2 (£0.29 PSI). The final 25 minutes of each test was run at a
level of 158 dB which is an r.m.s. fluctuating pressure of about #1655 N/m2
(+0.24 PSI). These dB levels are based on X-15 captive flight data given in
reference 2. Figure 5 gives the sound level in dB as a function of frequency
for test 5 wnich is typical for the first five tests. Figure 6 gives the
sound level as a function of frequency for test 6. As discussed above,
the frequency input band pass is greater for test 6 than for the other five

tests.
RESULTS AND DISCUSSION

Pyrolized material chipped off the surface of the specimen at three

locations. Figure 7 shows one of the affected areas. The white area with



sharp edges is the fracture surface. Also indicated are cracks in the
material in the fracture surface and in an adjacent block that was formed by
striating the material. Chipping at the other two locations, not shown, was
similar to that of figure 7, but originated at the edge of a hole that
resulted from loss of an instrument plug during the 8'HTST tests. The three
chippings occurred during the first test. No further chipping occurred
during subseyuent tests.

In the honaycomb-reinforced material, numerous cracks were observed
in the pyrolized material after the tests were completed. Figure 8 shows a
typical crack pattern observed on most of the honeycomb area. Some cracking
is evident after heating and pyrolizing the material; however, additional
cracking resulted from the sonic tests. Since the material shrinks by
about 10 percent on pyrolizing, residual tensile stresses are generated in
the material. The low strength char cracks in areas of highest residual
stress during heating or cooling. In the areas of lower residual stress the
sonic loads precipitate further cracking, Tests in a Mach 7 stream for
specimens with cracks have shown no increase in the aluminum temperature

(ref. 6).
CONCLUSIONS

A 50.8 cm (20 inch) square panel of prepyrolized insulator/ablator,
both striated ard in honeycomb, was subjected to six 30-minute tests to
160 dB. Three chips and numerous cracks occurred. The chips occurred during
the first test. Some cracking occurred due to material shrinkage resulting
from prior aerothermal tests of the specimen; however, considerable additional

cracking occurred from the sonic environment. The material may be reusable
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with cracks since Mach 7 tunnel tests show no back-face temperature increase;
however, water absorption and freezing in the cracks could cause further loss

of material integrity.



REFERENCES

Brackeen, Richard E. and Marcy, William L.: X-24B Growth Version
Feasibility Study. AFFDL-TR-73-116, October 1973.

Jordan, Gareth H., McLeod, Normal J., and Guy, Lawrence D.: Structural
Dynamic Experiences of the X-15 Airplane. NASA TN D-1158, 1962.

Rucker, C. E. and Grandle, R. E.: Thermoacoustic Fatigue Testing
Facility for Space Shuttle Thermal Protection System Panels.
Presented at 1972 Symposium on Fatigue at Elevated Temperatures,
Storrs, Conn., June 18-23, 1972, STP520.

Rucker, C. E. and Grandle, R, E.: Testing of Space Shuttle Thermal
Protection System Panels Under Simulated Reentry Thermoacoustic
Conditions. AIAA/NASA/ASTM/IES Seventh Space Simulation Conference,
Los Angeles, California, Nov. 12-14, 1973. NASA SP-336.

Rucker, C. E. and Mixun, J. S.: Vibroacoustic Testing of Space
Shuttle Thermal Protection System Panels. Proceedings of
ATAA/ASME/SAE 17th S, SD, and M Conference, King of Prussia,
Pennsylvania, May 5-7, 1976.

Puster, Richard L. and Chapman, Andrew J.: Experimental Performance
of an Ablative Material as an External Insulator for a Hypersonic

Research Aircraft. NASA TN D-8490, 1977.



*3S93 3S€| 3yl 40} pasn Sem
(wopuea) zH Q091 30 Indul {043UOD © ‘UdAIMOY ¢ (wOpue4) ZH QO0L O3 dn pajed SL JOJCINPOWy
[043u0D asuodsau
3UOoN Le3bip suM 08 yosea MY 0§ 91 43| |043U0D | BWU3Y]
Aouanbauay ZHY |
Z /apn3ytduwe 03 ZH Ot yosea M) Q¢ P4 401R[NPOl ALYy
433stbau
abeuols J0 awLy
NELETCTRETT )Y 3nopead [swn|® (2 00gEl)
3UON Wwou4 3Inopeau sud Q9 - | 2wou4yd 2€ $91dn0J0uMaYy |
ZH3 01
v jnopead Jay 03} ZH Ot aP vLt ol sauoydoudty
(2 092)
JUON jnopead Iy ZH 0001 6/9d g°2 £ S433BWOU | 322y
pa | duwe « Kuo v 03 861 (1¥)
BUON anopead QY JLweudp 403004 3beb 02 (9 069) sabeb utreuss
$3S33 utL pasn S UDBUWO) uoL3eI LWL BuLjey a|qe|Leay (FLwe) sanjeaadusy)
Aduanbauy JA3quny adA)
juaduwdinby
pasn j0u MW L 3® pajed 40303434 wWoIsSNI s43d3eay zjaend
Ybry (34 0°9) w8 L Aq ("33 0SL) w 251 eaue pajeay
("ut 02x02) wd 8°05%8° 0§ ("33 0°9 x 0°9) w g8 | Aq €8 3Z1s uawidads
juatque sjuswlaJdul £9 ul (42102) J00LL 03 3uaique 34anjeaadws |
(wopued) zH 0091 % 008 (wopuea) zH 000L 03 Ot B (3uls) zH 00S 03 Ot Aduanbau 4y
gP 091 % 85l [LB4BA0 Swa gp €91 03 06 [3A3| punos
S3S3] ul pas) sJdjauweuryq A3L]Loe4

*A31ptqedes A31|1oey 3533 anbrjey oi3snode asuapioul Buizetg - | ajqe]

D

-
4

PRECIDING PAGE BLANK NOT FILME



Table 2 - Summary of Tunnel Conditions

INITIAL 5 MINUTES

FINAL 25 MINUTES

TEST KUMBER dB (1)N/m2- ((+)es1) dB (+)N/m? ((#)PsI)
1 159 2027 (.294) 158 1648 (.239)
2 160 2020 (.293) 157 1358 (.197)
3 159 1751 (.254) 158 1634 (.237)
¢ 161 2186 (.317) 159 1627 (.261)
6 161 2227 (.323) 158 1627 (.236)
6 158 1620 (.235) 156 1276 (.185)
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Insulator/ablator test specimen in 8'HTST.
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Figure 4.- Langley Research Center grazing incidence acoustic test facility.
(Inset - View inside test section looking toward generators.)
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Figure 5.- Noise level as a function of frequency for test number 5.
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